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ABSTRACT 


Development  of  a  test  of  foveal  function  during  and 
after  small  spot  foveal  exposure  was  the  primary  objective 
of  this  investigation.  This  objective  was  accomplished.  At 
retinal  damage  levels,  only  a  small  focal  foveal  lesion  was 
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Transient  Visual  Effects  of  Prolonged  Small  Spot  Foveal 
Laser  Exposure 


INTRODUCTION 

>In  recent  experiments,  we  have  evaluated  the  effects  of 
acute,  threshold  damage  levels  of  small  spot  foveal  laser 
exposure.  These  experiments  revealed  transient  changes  in 
acuity  and  contrast  sensitivity  lasting  from  10  to  15 
minutes  postexposure.  Following  recovery  from  such  effects, 
normal  acuity  and  contrast  sensitivity  are  not  necessarily 
degraded,  although  continuous  exposure  at  these  levels  does 
result  in  parafoveal  compensation  for  foveal  damage  and 
eventual  deficit  in  fine  visual  acuity.  (1,2,3). 

The  present  investigation  evaluates  small  spot  foveal 
exposure  for  relatively  prolonged  exposure  times.  Unlike 
flash  exposure  effects,  prolonged  viewing  of  laser  light  may 
involve  low  to  moderate  intensity  sources  which  are  viewable 
for  periods  from  several  seconds  to  tens  of  minutes.  The 
off-axis  intensity  of  some  of  these  sources  may  be  suffi¬ 
cient  to  produce  transient  change  during  and  immediately 
after  exposure.  In  the  practical  application  of  laser 
sources  in  medicine  and  industry,  such  exposure  often  occurs 
in  close  association  with  visual  task  performance.  An 
ophthalmologist  performing  laser  retinal  photocoagulation 
may  view  a  low-level  laser  aiming  beam,  which  is  often  split 
off  from  the  the  photocoagulation  laser,  for  several  seconds 
to  several  minutes.  This  procedure  is  repeated  many  times 
in  clinical  laser  therapy.  Exposure  may  be  centered  on  the 
fovea  or  slightly  off  the  fovea.  Physical  scientists  make 
use  of  diffraction  patterns  from  laser  sources  to  character¬ 
ize  materials.  Such  examination  may  also  require  lengthy 
exposures  of  foveal  and  parafoveal  retinal  areas  required  by 
the  examination  process  itself.  Alignment  lasers  used  in 
construction,  surveying,  and  military  target  designators  are 
additional  human  tasks  that  may  require  foveal  and  parafo¬ 
veal  prolonged  viewing  of  small  spot  visible  laser  sources. 

Investigations  of  prolonged  light  exposure  effects  have 
generally  been  performed  with  much  larger,  extended  source 
test  stimuli.  Both  transient  and  long  term  effects  of  low 
level  prolonged  and  repetitive  exposure  may  occur  (4).  Such 
effects  can  occur  at  levels  well  below  those  set  for  extend¬ 
ed  source  Maximum  Permissible  Exposure  (MPE)  levels  (4). 
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While  previous  prolonged  laser  exposure  experiments 
dealt  with  the  effects  of  extended  source  exposure,  the 
present  experiments  deal  with  small  spot  prolonged  exposure 
on  or  sligtly  off  the  central  portion  of  the  retina,  the 
fovea.  We  have  employed  levels  of  exposure  slightly  above 
the  Maximum  Permissiable  Exposure  (MPE)  limit  to  levels  many 
times  below  the  MPE.  These  exposure  conditions  have  been 
investigated  for  measures  of  foveal  visual  acuity  and  con¬ 
trast  sensitivity. 

METHODS 

Visual  acuity  and  contrast  sensitivity  for  behaviorally 
trained  rhesus  monkeys  were  measured  using  Landolt  ring 
acuity  methods  developed  in  our  laboratory  (2).  Behavioral 
training  techniques  that  employed  either  positive  or  nega¬ 
tive  reinforcement  had  equal  success  in  producing  animals 
with  optimum  visual  acuity  and  contrast  sensitivity.  These 
techniques  measure  foveal  spatial  visual  processing  at  the 
level  of  the  retina  and  within  the  visual  pathways. 

Following  stable  baseline  measurements  of  visual  acuity 
or  contrast  sensitivity,  animals  were  exposed  to  either 
514  nm  cw  or  532  nm  repetitively  pulsed  source  (20  pulses 
per  second)  minimal  retinal  spot  (50  microns)  exposures 
lasting  from  10  to  32  minutes.  In  both  acuity  and  contrast 
sensitivity  experiments,  the  animal's  task  was  to  detect  the 
gap  in  a  Landolt  ring.  The  laser  source  was  placed  coaxial 
with  the  Gap  in  the  Landolt  ring  or  just  slightly  off  the 
center  of  the  gap  so  that  correct  detection  of  the  gap 
required  foveal  irradiation  (6)  or  slightly  parafoveal 
visual  function.  In  the  acuity  scenario,  the  animal's  task 
was  to  adjust  the  gap  to  the  smallest-  size  that  could  be 
detected  in  the  presence  laser  source .  The  laser  source  was 
2  degrees  from  the  center  of  the  Landolt  ring  gap.  Two 
target  contrast  ratios  of  97  and  60%  were  employed  in  acuity 
experiments.  For  contrast  sensitivity,  a  fixed  gap  size  was 
presented  and  the  animal's  task  was  to  adjust  the  luminance 
of  the  acuity  target  so  that  it  was  detectable  against  a 
75-foot  Lambert  background  (1,2,3).  In  these  experiments, 
the  laser  source  was  always  coaxial  with  the  gap.  Contrast 
sensitivity  for  a  total  of  seven  gap  sizes  was  measured 
before  and  after  every  exposure  for  each  Landolt  ring  gap 
size.  Contrast  sensitivity  recovery  functions  measured  at 
each  gap  size  were  used  to  construct  postexposure  contrast 
sensitivity  functions. 
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The  two  laser  sources  employed  in  this  experiment  were 
a  cw  Argon  ion  laser  source  operating  at  r>  1 4  nm  and  a  repet¬ 
itively  pulsed  frequency  doubled  Neodymium  (532  nm ) .  For  cw 
Argon  laser  exposures,  corneal  irradiances  varied  from  0.1 
to  0.001  milliwatts/cm  (2).  The  ranged  from  3  microjoules 
per  pulse  to  .003  microjoules  per  pulse  for  the  frequency 
doubled  neodymium  source.  Exposure  durations  from  10  to  32 
minutes  were  utilized  across  both  laser  conditions.  All 
argon  laser  exposures  were  made  at  2  degrees  off  the  fovea, 
while  all  repetitively  pulsed  532  nm  exposure  were  made 
directly  on  the  fovea. 

RESULTS 

In  Figures  1  and  2,  data  from  animals  SI  and  S2  exposed 
to  0.1  mw/cm  (2)  at  2  degrees  off  axis  fren  cw  Argon  laser 
(514)  are  presented.  Both  animals  were  exposed  for  10 
minutes.  For  this  duration,  the  exposure  level  is  6  times 
the  MPE. 
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Figure  1.  Effect  of  Argon  laser  exposure  on  SI  for  two 
contrast  conditions.  The  first  vertical  arrow  indicates  the 
onset  of  laser  exposure  and  the  second  termination  of  expo¬ 
sure  . 
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Figure  2. 


Sane  as  Figure  1  for  subject  S2. 


60%  centra 


While  the  laser  source  was  on,  visual  acuity  deficits 
between  70  and  80%  were  obtained.  However,  maximum  acuity 
deficit  did  not  vary  consistently  across  animals  or  contrast 
conditions.  While  maximum  acuity  deficit  is  greater  for  SI 
at  the  97%  contrast  acuity  target,  this  relationship  is 
reversed  in  S2.  Similar  inconsistencies  were  found  at  the 
lower  exposure  level  (.001  mw/cm^)  for  maximum  acuity  defi¬ 
cit  and  acuity  target  contrast. 

On  the  other  hand,  initial  postacuity  recovery  is  con¬ 
sistent  across  animals.  Upon  termination  of  the  laser  glare 
source,  initial  recovery  is  more  rapid  for  the  lower  con¬ 
trast  targets  (60%)  than  for  the  higher  contrast  targets 
(97%).  Identical  effects  were  obtained  in  both  animals  for 
the  lower  exposure  level  (.001  rnw/cm^). 

Postexposure  contrast  sensitivity  following  15  minutes 
of  exposure  to  a  532  nm  repetitively  pulsed  laser  source  at 
1/10  the  MPE  (.03  microjoules  per  pulse)  produced  effects 
consistent  with  the  above  acuity  deficits  (Figures  1  and  2). 
The  longest  postexposure  recovery  times  were  observed  for 
l.l  and  9.3  min  of  arc  targets.  Recovery  for  these  targets 
never  exceeded  about  60%  of  the  baseline  contrast  sensitivi¬ 
ty  during  the  exposure  session.  Full  recovery  for  all  base¬ 
lines  was  attained  on  subseguent  daily  sessions.  Contrast 
sensitivity  for  the  intermediate  gap  sizes  recovered  much 
more  rapidly  than  either  the  1.1  or  9.3  min  of  arc  target. 
The  rapid  recovery  observed  at  16.5  min  of  arc  may  reflect 
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the  fact  that  this  target  was  larger  than  exposure  spot  size 
of  approximately  50  microns. 


Figure  3.  Postexposure  contrast  sensitivity  for  Iandolt  ring 
gap  sizes  ranging  from  16.5  to  1.1  min  of  arc. 


In  Figure  4,  a  comparison  is  made  between  the  suppres¬ 
sive  and  postexposure  effects  of  two  animals,  S3  and  S4. 
Contrast  sensitivity  was  measured  for  the  9.3  min  of  arc 
target.  While  S4,  exposed  at  the  ED50  for  single  Q-switched 
exposure  (3  m ic ro jou 1 e s ) ,  shows  a  more  rapid  and  larger 
sensitivity  deficit  than  S3,  exposed  at  a  level  1000  times 
lower,  both  animals  show  similar  postexposure  recovery 
times.  This  similarity  in  postexposure  recovery  indicates 
that  the  postsuppressive  effects  are  not  increased  anymore 
by  the  production  of  foveal  damage,  and  that  postexposure 
recovery  as  well  as  suppressive  effectiveness  are  mediated 
by  neural  rather  than  frank  tissue  damage  processes.  Fur¬ 
thermore,  immediate  funduscopic  examination  of  S3’s  fovea 
revealed  a  small  lesion  about  50  microns  centered  in  the 
foveal  region,  suggesting  that  foveal  fixation  was  main¬ 
tained  through  out  the  exposure  period  (1,2,5). 
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Figure  4.  Comparison  of  exposure  effects  produced  at  the 
ED 50  ( S4 )  and  MPE/100  (S3). 


DISCUSSION 

In  this  investigation,  we  studied  the  effects  of  minimal 
spot  foveal  laser  exposure  on  Landolt  ring  acuity  and  con¬ 
trast  sensitivity.  Previous  investigations  involved  acute 
laser  exposure  at  .levels  capable  of  producing  retinal  ^ain 
age.  Postexposure  changes  from  such  exposure  were  assumed 
to  result  from  a  combination  of  retinal  edema  and  photochem¬ 
ical/neural  saturation  of  retinal  receptor  mechanisms. 
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In  the  present  experiments,  levels  from  just  slightly 
above  to  many  times  below  the  Maximum  Permissible  Exposure 
were  utilized  for  exposure  durations  ranging  from  10  to  32 
minutes.  Both  acuity  and  contrast  sensitivity  were  immedi¬ 
ately  affected  by  onset  of  exposure  and  resulted  in  stable 
period  of  depression  of  70  to  90%  acuity  or  contrast  sensi¬ 
tivity  deficit.  The  capability  of  a  minimal  spot  foveal 
exposure  to  suppress  visual  acuity  or  contrast  sensitivity, 
thus,  depends  upon  the  duration  of  foveal  exposure.  We 
conclude  that  amount  of  exposure  is  a  critical  variable  for 
demonstrating  the  presence  of  the  photochemical/ neural 
components  involved  in  the  visual  process.  As  pulse  width 
becomes  extremely  short,  <  20  ns,  the  visual  system's  photo¬ 
chemical/neural  response  may  become  foreshortened,  allowing 
domination  of  morphological  processes  at  higher  exposure 
energy  levels  to  shape  the  postexposure  visual  response 
(1,2). 

Full  recovery  always  occurred  upon  termination  of 
exposure  but  appeared  to  be  more  severe  at  levels  well  below 
retinal  damage  levels,  suggesting  that  foveal  processes 
involve  saturation  of  photochemical/neural  mechanisms.  The 
comparison  shown  in  Figure  4  indicates  that  foveal  retinal 
damage  does  not  prolong  recovery  any  more  than  much  lower 
exposure  levels.  Furthermore,  the  longest  initial  delays  in 
recovery  occurred  for  high  contrast,  minimal  size  targets, 
suggesting  that  perhaps  not  only  retinal  neural  mechanisms 
become  saturated  but  mechanisms  involving  edge  and  size  as 
well.  The  latter  involve  cortical  rather  than  retinal  neu¬ 
ronal  mechanisms. 

Measurements  of  Landolt  ring  contrast  sensitivity 
(Figure  3)  extend  the  range  of  effects  over  the  spatial 
frequency  domain.  Visual  acuity  measurements  involve  high 
frequency  (small  gaps)  high  contrast  test  targets.  Contrast 
sensitivity  measurments  represent  the  minimal  contrast 
levels  for  different  spatial  frequencies.  In  Figure  3  the 
longest  recovery  for  the  smallest  gap  size  (1.1  min  of  arc) 
is  consistent  with  acuity  measurements  in  Figures  1  and  2 
for  high  contrast  targets  which  required  longer  initial 
recovery  relative  to  moderate  contrast  targets.  Larger 
acuity  gap  sizes  that  require  lower  contrast  levels  for 
discrimination  tend  to  recover  more  rapidly  with  the  excep¬ 
tion  of  the  9.3  min  of  arc  gap,  which  recovers  more  rapidly 
than  the  minimum  gap  but  much  more  slowly  than  the  interme¬ 
diate  and  largest  gap  size.  Possibly  the  tendency  of  larger 
gap  sizes  to  recovery  more  slowly  measured  in  minimal  spot 
flash  experiments  using  contrast  sensitivity  measurements  is 
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reflected  (1,2).  Thus,  contrast  sensitivity  measurement 
supports  the  acuity  finding  of  Figures  1  and  2,  suggesting 
that  similar  effects  may  occur  for  larger  targets  where 
contrast  demands  are  increasing.  Because  the  largest  target 
subtends  an  area  nearly  twice  the  size  of  the  9.3  min  of  arc 
target,  this  target  may  evoke  more  parafoveal  retinal  recep¬ 
tors  that  are  less  affected  by  direct  exposure  to  the  foveal 
laser  source . 

Because  visual  acuity  and  contrast  sensitivity  measured 
with  Landolt  ring  targets  yield  very  focal  and  foveal  meas¬ 
ures  of  spatial  vision,  the  practical  significance  of  large 
deficits  in  visual  acuity  regarding  occupational  visual 
performance  and  laser  safety  should  be  evaluated  most  care¬ 
fully.  A  90%  deficit  in  Landolt  ring  visual  acuity  relates 
only  to  a  decrement  in  foveal  function.  It  produces  a  70 
micron  retinal  spot,  thus,  leaving  a  large  unaffected  para¬ 
foveal  and  paramacula  area.  Yet,  visual  acuity  deficits 
were  produced  by  levels  of  exposure  well  below  damage  levels 
and  at  2  degrees  off  the  central  fovea. 

The  manner  in  which  foveal  vision  interrelates  with 
visual  performance,  the  dependency  of  visual  performance  on 
foveal,  and  non-foveal  visual  function  is  of  paramount 
importance.  If  a  visual  task  does  not  require  foveal  vi¬ 
sion,  then  changes  observed  here  will  have  little  effect  on 
one's  ability  to  perform  during  such  exposure.  If  the  task 
requires  a  high  degree  of  foveal  vision,  then  some  decrement 
in  task  performance  will  be  observed  during  exposure .  For 
the  latter  conditions,  changes  in  laser  safety  guidelines 
may  be  required.  Unfortunately,  little  is  known  presently 
about  the  relationship  of  visual  function  measures  such  as 
acuity  and  contrast  sensitivity  to  visual  task  performance 
measures . 

CONCLUSION 

Development  of  a  test  of  foveal  function  during  and 
after  small  spot  foveal  exposure  was  the  primary  objective 
of  this  investigation.  This  objective  was  accomplished.  At 
retinal  damage  levels  (Figure  4),  only  a  small  focal  foveal 
lesion  was  observed  indicating  the  ability  to  utilize  the 
fovea  during  such  exposure.  Postexposure  recovery  effects 
analyzed  for  target  size  and  contrast  conditions  suggest 
retinal  and  possibly  cortical  saturation  processes.  New 
experiments  will  determine  the  exposure  duration  limits,  if 
they  exist,  beyond  which  foveal  function  becomes  permanently 
suppressed.  The  relationship  of  visual  function  measures 
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required  to  obtained  evidence  of  altered  foveal  processing 
associated  with  such  exposure  and  visual  performance  meas¬ 
ures  is  a  neglected  area  of  research.  Knowledge  of  the 
relationship  between  visual  function  and  visual  performance 
measures  will  make  laser  safety  evaluations  of  such  expo¬ 
sures  more  meaningful. 
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